To provide a reference for the study of Quantum-Inspired Evolutionary Algorithm (QIEA), the combination of qualitative and quantitative methods is applied to analyze the literatures and references about QIEA. The status, the hot spots and the development trends of QIEA are explored based on the literatures. The results show that the research on QIEA has been increasing every year since it is proposed. The theoretical research, algorithm research and application research have been expanded and deepened. There have been many achievements about the application and research about QIEA, and QIEA will be one of the protagonists of optimization algorithms in future.
INTRODUCTION
QIEA is a new optimization algorithm integrated some mechanisms of quantum computation (QC) and evolutionary algorithms. The QIEA is with a small size population, a fast convergence speed, a great capability of global optimization and a ______________ tenacious robustness. It is practically significant to carry out the research on QIEA. Since the advent of QIEA, wide attention and research is paid on it. The research contents and progress of QIEA have been expounded in the literature [1] . The research and the improved strategies of QIEA are analyzed based on the latest research results of QIEA.
QUANTUM-INSPIRED EVOLUTIONARY ALGORITHMS
Quantum-inspired evolutionary algorithms (QIEAs): QIEAs concentrate on utilizing the concepts or the principles of QC, such as standing waves, interference, coherence, etc, to create new quantum evolutionary algorithms that can be realized on present classical computer.
The main content studied in this paper is the QIEAs. In recent years, the research of QIEA is a new branch of evolutionary algorithm and with broad prospects. The study of QIEAs is a fast developing field [2] .
QIEA is first put forward by Narayanan and Moore in the 1990s to solve the traveling salesman problem, in which the crossover operation is based on the concept of interference. The Narayanan and Moore's contribution is to show the potential advantages of introducing the parallel mechanism of quantum computing into the evolutionary algorithm framework. It is not until Han and Kim proposed quantum evolutionary algorithm which can be realized in 2000 and 2002 respectively, that the QIEAs got further attention [3] .
The Basic Principle of QIEA
The vector expression of quantum states and conventional evolutionary mechanism of evolutionary algorithms are combined in QIEA. The chromosomes encoded by the probability amplitude of qubits make one quantum chromosome contain information of multiple conventional chromosomes. A variety of quantum gates can be applied to realize the chromosome evolution towards the optimal solution.
A qubit can be defined as
, and the encoding of multi-qubits with m parameters is: 
Where, t j q represents the j-th individual chromosome of the t-th generation; k represents the number of qubit; m represents the number of genes [4] .
Quantum rotation gate is adopted to update chromosomes. Quantum rotation gate is usually defined as:
The update process is:
Where, ( , )
and ( ', ')
are the probability amplitudes of the i-th qubit before and after the updating respectively; i  is rotation angle whose size and sign are determined by the strategy in Table I q to make the probability amplitude ( , ) i i   evolve toward the direction of best . Table I . Adjustment strategy of rotation angle.
Features of QIEA
QIEA is with more wonderful evolution process, more complex encoding, a wider area covered by each evolutionary generation and a tenacious robustness. QIEA adopt some unique techniques and methods compared with other common optimal search methods. The main features of QIEA are as follows:
(1) Qubit is encoded in QIEA, so a chromosome contains the superposition information of multiple states. The quantum observation method has greater probability to generate new individuals to maintain the diversity of population.
(2) QIEA is self-organizing, self-adaptive and self-learning. QIEA utilizes the information during the evolutionary process to do self-organized search and save the individual with best fitness. Fitness function and evolutionary operators are determined before QIEA is applied. The individual with greater fitness may be produced by the operation of rotation gate [6] . The features of self-organizing, selfadaptive and self-learning make QIEA have the ability to discover the characteristics and laws of the environment in accordance with conditions automatically.
(3) The object treated by QIEA is the parametric chromosome string rather than the parameters. Coding operation makes QIEA can operate the object of the structure directly and be with a wide range of application.
(4) QIEA searches a group of points of the solution space at same time. Multiple solutions processed simultaneously make QIEA have a good performance of global search and be suitable for parallel structure.
(5) The knowledge of the search space and other auxiliary information are not necessary in QIEA. The fitness function is the only object to be applied to evaluate the individual. The search direction of QIEA is determined by the probabilistic rule of transition. QIEA adopts probability to make the search process move towards better solution in the search space.
THE DEVELOPMENT AND IMPROVEMENT STRATEGIES OF QIEA
QIEA can be improved to enhance performance and applicability [7] . The improvement research of QIEA currently is focused on the following aspects:
Introduction of New Operators
(1) Quantum mutation operator and quantum disaster operator The performance of QIEA can be improved by introduce traditional genetic operators such as mutation and disaster operation and other new operators. Han believes that the diversity of quantum chromosome makes mutation operator and crossover operator is not needed. The performance of QIEA would be badly affected if the probability of mutation and crossover is high. But Junan Yang thinks the consistent evolutionary direction of all individuals makes the algorithm converge to a local optimum [8] . Shuyuan Yang designed a new mutation operator [9] , regard the current best individual as the guidance of quantum chromosomes. The individuals of next generation are generated randomly distributed in the vicinity of the guidance of quantum chromosomes.
(2) Joint crossover operator Junan Yang designed the quantum joint crossover operator according to the principle of quantum coherence. All the individuals are involved in the quantum joint crossover operation. Quantum joint crossover can make use of the chromosome information of population to generate new individuals to depart from local optima when the population converges prematurely.
(3) Whole interference crossover operator Whole interference crossover operator is utilized to realize evolution instead of the traditional crossover operator [10] . All chromosomes are involved in the whole interference crossover. Set the number of population is m, length of chromosome is n ( m n  ). ij A is the j-th bit of the i-th individual. Then, the chromosome of the i-th individual of the new family through the whole interference crossover is: ( mod )1
The new whole interference crossover operator is mainly used when the algorithm converge to local optimal solution to generate new individuals to overcome the prematurity in later evolution. .
(4) Migration strategy In the process of evolution, use the current optimal quantum chromosome to replace all quantum chromosomes in the population to accelerate the convergence speed of quantum chromosome.
Remarks All the operators except crossover operator are applied on the quantum chromosome to improve the performance of the algorithm. The crossover operator is used on the phenotype gene generated by quantum chromosome. The improvement performance of crossover operator is not significant when it is used on quantum chromosome.
Improvement on the Structure and Scale of Population
The method of adjustment of distribution structure and size of population mainly contains: Gexiang Zhang proposed NQGA (Novel Quantum Genetic Algorithm) by introducing population disaster strategy and adaptive grid method to QGA to improve the ability of global optimization. Shenghui Fan designed SRQIEA2 on the basis of SRQIEA. SRQIEA2 can get rid of local optimal solution by taking quantum observation twice. Subsequently, Shenghui Fan proposed SRQIEAb13 to solve the problem of slow evolution in the middle of the evolutionary stage of SRQIEA2. SRQIEAb13 can dynamically change the number of quantum observations [11] .
Improvement of Rotation Strategy of Quantum Rotation gate
Improvement of quantum rotation gate is another important method to improve QIEA. A lot of improvements on quantum rotation gate have been put out. For example, Chen Hui applied a chaotic update rotation gate to instead the original rotation gate. Using chaotic sequence pre-generated to update the quantum gate can reduce amount of calculation [12] . Shuyuan Yang proposed an arithmetic form of quantum rotation gate. Set the optimal individual as the object of quantum rotation gate, and the information of the optimal individual is shared in the next generation [13] . Rui Zhang proposed adaptive corrective angle based on the amplitude of the quantum state [14] .
THE APPLICATION OF QIEA
QIEA is proposed first to solve the combinatorial optimization problems. Talbi et al. introduced the concept of "niche" to QIEA and applied it to solve traveling salesman problem. Han utilized QIEA to solve 0-1 knapsack problem, and first applied QIEA to solve the optimization problem of function with multiple local minimums. QIEA has been more and more widely applied with the development of the research of QIEA. The ultimate goal of the research of QIEA is to guide the engineering practice and improve the working efficiency of the project. At present, QIEA has been widely used in areas such as electric power, image processing, network optimization, signal analysis and so on. The electric power system can be optimized as a nonlinear dynamic system, which mainly includes: development planning of transmission network, the operation of electric power system and reactive power optimization of planning field and optimize allocation of switch of distribution network. Huajun Lei et al applied QIEA to fault diagnosis of analog circuit [15] . In the area of image processing, QIEA is mainly used in image segmentation, edge-detection of image, blind image separation, image matching and image registration and so on. In the area of network optimization, QIEA is mainly used in QoS routing algorithm, routing optimization, topological structure optimization of sensors network and so on. In the area of signal processing, Yang applied the improved QIEA to design matched filter in multi-user detection, Jun-Su Jang applied QIEA to optimization of making decision of boundary between image section and non-image section when PCA is adopted to extract image [16] . In the area of engineering scheduling, Chakraborty Shantanu et al applied QIEA in the intelligent economic scheduling operation concerning scheduling and dispatching TG(Thermal generators), WG(wind generation), PV(photovoltaic), and PHEV(plug-in hybrid electric vehicles). In addition, QIEA is also used to HW-SW Partitioning, filtering design, pattern recognition and machine learning, encryption and decryption and so on.
THE DEFICIENCY AND DEVELOPMENT OF QIEA
QIEA is one of the hottest areas of intelligent optimization. However, there are still some aspects required for further study:
(1) Related theory of QIEA. QIEA has the innate advantage in mechanisms compared with the conventional evolutionary algorithms, but the current study on it is not enough. Current researches mostly focus on the convergence analysis. The research on time complexity and space complexity of QIEA is relatively few. Moreover, the advantage in convergence speed of QIEA needed to be proved by theoretical analysis. The performance of QIEA is influenced by parameter selection. The sensitivity of parameters needs to be studied in theory to provide reasonable guidance for parameter selection. Robustness of changes of parameter and issue information needs to be ensured in theory. Construct the mechanism analysis model of QIEA to consolidate theoretical basis of QIEA.
(2) Algorithm research of QIEA. QIEA is a fusion of mechanism of quantum computation and the evolutionary algorithm, so the research production of quantum computation should be applied in QIEA, and the new ideas, new mechanisms, new operations and new research findings of conventional evolutionary algorithms should be introduced to QIEA.
(3) Optimization fields. The application of QIEA should be expanded to highdimensional function optimization and constraint optimization and so on.
CONCLUSIONS
It is practically significant to combine the advanced mechanism of quantum computation and the conventional evolutionary algorithms. The diversity of QIEA is great and is suitable for parallel computation. More and more quantum technology will be introduced into conventional evolutionary technology with the development of quantum theory. The development prospects of QIEA will become wider and wider. Although there are many achievements of the study of QIEA, many problems remained to be further studied. Theoretically, QIEA can be applied in the field that the conventional genetic algorithms can be applied. So expanding the theory research, algorithm research and application field of QIEA can make QIEA be given full play and get better development.
